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An investigation w a s  undertaken on an airplane mdel with  drooped 
horizontal  tail  and a highly tapered wing of aspect  ratio 2.8 and 45O 
sweep.  The  investigation was designed to determine  what  improvements 
in the control of le--edge stall w o u l d  be  possible  with  the  use  of 
area suction on a le--edge  flap and with  the  leading-edge  flap used 
with a modified or bulbous  leading  edge  and a chord  extension. Two spans 
of area-suction  trailing-edge  flap  were  tested.  The  tests  were  made  at 
a Reynolds  number of 8.WO6. 

For  both  spans of trailing-edge flaps, the  use of mea suction on 
the  leading-edge  flap  produced  more  constant  stability near ntaxhmm lift 
than  was  obtained  without  area  suction on the  lead--edge  flap tn EL pre- 
vious  investigation.  The  addition of the mdified leading edge and the 
chord extension  to  the leing-edge flap  with mea suction  increased  the 
=bum lift  coefficient of the  order of 0.3 above  that  measured  with 
the  area-suction  leading-edge  flap  alone. 

INTRODU@rION 

Results of tests on a large-scale  model  are  reported fn reference 1 
with a w i n g  of 45' sweepy aspect  ratio 2.8, taper  ratio 0.17, md with 
area  suction  applied to the  trailfng-edge  flap. In that  investigation, 
attempts  were  made to control  leading-edge  air-flow  separation,  in  par- 
ticular  near  the w i n g  tipy by means of a plain  leading-edge flap and a 
modified  or  bulbous  leading  edge.  Although same improvements in the 
lift,  drag, and stability characteristics  of  the  model  were  made,  it  was 

1 

d found  that  the  stall  control  effectiveness of the leading-edge  flap  with 
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or  without  the  modified  leading  edge  was  seriously  restricted  by  the 
occurrence  of  air-flaw  separation  behipa  the. bee. of the  &ading-edge 
flap.  The  investigations of references 2 and 3 concerning two other 
w i n g  plan fomns found boundary-layer  control  by  porous  area  suction  at 
the  knee  of  the  flap  extremely  effective in delaying  air-flow  separation. 
The question  remains;  however,  whether  area  suction  could  be  sucdessfully 
applied  to  the wFng of reference 1 which had a smaller  aspect  ratio  and 
taper  ratio and a thinner  wing  section  than  the  wings  of  references 2 
and 3. 

The  model  of  reference 1 was  used in the  present  investigation but 
had area suction  applied to the  knee of the  leading-edge  flap.  The 
objective  of  the  tests  was  to  develop  leading-edge  configurations  which 
would control  stall and give  higher  values  of and better longi- 
tudinal  stability.  Most of the  leading-edge  configuration  changes  were 
either (1) spanwise  changes  in  leading-edge f l ap  deflectian and ( 2 )  changes 
in  spanwise  extent  of  the  modified  leading  edge, or combinations of these. 
Limited  testing  was dme with a chord  extension  installed on the  outer 
portion of  the  wing.  The  trailing-edge  flaps  with  area suction remahed 
deflected  during  the  tests and two spans of flap  were  tested. 

NCTNION 

chord,  measured  parallel  to  the  plane  of  symmetry,  ft 

mean aerodynamic chord, ft 

drag coefficient, - drag 
ss 

lift  coefficient, - lift 
ss 

value of CL corresponding  to  lowest  value o f  CL f o r  - = 0 dCz 
da 

value of CL at  which  the wing tip  stalled 

value of at  which  stability  has  begun  to  decrease 

. . . . . . . . 

e. 

I 
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pitching-moment  coefficient  computed about the  qparter-chord 
point  of  the  meen  aerodynamic chord, -, pitching  moment c2* 

f l o w  coefficient, - Q us 

critical flow coefficient  (value o f  CQ at.which CL became 
approximately  constant  with  increasing CQ) 

chordwise  extent of porous area, in. ( see fig. 3( c) ) 

distance  from  the  quarter-chord  point of  the mean  aerodynamic 
chord  to  horizontal-tail  reference -e, Ft 

leading edge 

free-stream  static  pressure, lb/sq ft 

average  duct  static  pressure,  lb/sq ft 

Local-surfece  static  pressure, lb/sq ft 

airfoil  pressure  coefficient, Pz - P 
9 

average  duct  pressure  coefffcient, pd - 
9 

free-stream dynanic pressure, ~ b / s q  ft 

volume of air removed through porous  surface, based on standard 
density,  cu  ft/sec 

radius 

wing mea, ~q f% 

airplane  thrust, lb 

tra-  edge 

free-stream  velocity,  ft/sec 

airplane  velocity,  knots 

niinFrmrm flyLng  speed.,  knots 

velocity  at  which  static stability has begun  to  decrease, knots - 
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W weight of airplane,  lb 

Y perpendicular  distance from plane of symmetry, ft 

z perpendicular  distance  above  the  extended  wing  chord  plane,  ft 

a angle of attack,  deg 

En leading-edge flap deflection,-measiiied-ifi plane n o d - t o  the 

q spanwise  distance, Y 
b/2 

. .  .. . . . .  

hhge line, deg 

P density, slugs/cu ft 

A sweep  angle,  deg . .  

4 pressure d r o p  across parnus materia, lb/sq  ft 

MODEL AND APPARATUS 

Model 

The  model as moui%ed in the 40- by  80-foot w i n d  tunnel  is  shown in 
figure 1 and  is  identical in most  respects  to  the  one  reported on in 
reference 1. A drawing of the model is shown Fn figure 2, and  additional 
geometric  data  are given in table I. %e wing of the  model had a sweep 
of the  quarter-chord  line of 45O, an aspect  ratio  of 2.8, and a taper 
ratio of 0.17. Air fo i l  sections  parallel  to  the  model  symmetrical cater 
line  were  modified R E A  0005-63 sections,  the  coordinates of which are c 

listed  in  table 11. "The  modification  consisted of a straight-line fairing 
from the  67-percent ehmd 6tation.t~ the trailing edge. 

* 

A leading-edge flap was installed on the wlng and was hbged near 
the  lower  surface of the w i n g .  h a  suction cod be.apz&ie to the knee 
of the  leading-edge f E p .  The -1a-ing-edge -flap-was hFn@ st  the 12- 
percent  chord  line (stremise) and consisted of three spanwise sections 
with  breaks  parallel to %he model plane of symmetry  at 0.21, 0.40, 0.70, 
and 1.0 of  the win@;-semispan. A particular  flap  deflection  combination 
will hereinafter  b&  referred to in the  order 30°, Wo, 600, which w i U  
refer  to 30° for 7 E 0.21 to 0.40, 50° for q . =  0.40 to 0,.7O,. and 60' - 
for q = 0.m to 1.0. 

A smalLspan and a large-span  trailing-edge  flap,.were  used  during 
the  tests.  The small-span flap had a constant  chord and extended from 
7 = 0.21 to 0.46, The Wge-span flap was  formed  by  combining  the L 

* 



NACA RM ~ 5 7 ~ 2 1  - 5 

"7 small-span  flap  with an outboard  flap  which had a constant  25-percent 
' chord and  extended  from -q = 0.46 t o  0.66. It  should  be  noted  that a 
discontinuity  of  the  hinge Unes of  the  outboard and inbod flaps  at 

= 0.46 caused a small chordwise s l i t  in  the  large-span  flap  at  this 
point  but  no  attempt  was  made t o  seal  this  slit. A flap  deflection of 
60° was  maintained  throughout  the  tests. 

L 

The  fuselage and side-inlet  duct  configurations  were  identical.  to 
those  of  the  model of reference 1. A swept  horizontal  tail  which w a s  
drooped 19 was  mounted  with  its  root  chord 0.21 of  the  wing  semispan 
above  the  extended wing-chord plane.  The  tail w a s  set  at Oo incidence 
for all tests. 

Boundary-Layer  Control  System 

Duct  and  punping  system.-  The  suction  systems employed on the 
leading-  and  trailing-edge  flaps  are  shown in figure 3 ( a ) .  Air was  drawn 
from  the  flaps  through  the  wfng  ducts  and  plenum  chambers  into  the  blowers 
and  then  was  exhausted  through  the  exhaust  ducts  beneath  the  fuselage. 
The  pumps  were  modified  aircraft  engine  superchargers  driven by variable- 
speed  electric mtors. The flow quantity  was  obtained by measuring  the 
pressure  difference  between  the  plenum  chamber and the  inlet  pipe to the 
blower;  this  system was calibrated  against  standard. ASME intake  orifices. 
Wing  duct  pressure  measurements  were  obtained  from  static  pressure  taps 
inside  the  duct  located  at 0.25, 0.37, 0.52, 0.62, 0.75, and 0 . 9  of the 
WFng semispm. 

.-I Parous  surface.-  The  flaps  were  constructed  with  the porous surface 

.. material  was  composed  of  0.008-in&-thick  electroplated metal mesh  sheets, 

in the  vicinity  of  the  knee  of  the  flaps as shown in figure 3(b) and (c) 
for  the  leading- and trailing-edge  flaps,  respectively.  The  porous 

=-percent porous with 4225 holes'per'square  Fnah,  backed  with l/l6-inch- 
thick  white m o l  felt.  The  permeability  of  the  felt  with  the  metal  mesh 
sheet  for  the  leading- Etnd trailing-edge  flaps  is shown in figure 3(d) 
and reference 1 (fig. 3(c)), respectively.  Chordwise  extent  and  position 
of the porous opening were  controlled by covering  portions  of  the  porous 
surface  with  0.003-inch-thick nonporous tape.  The porous openings used 
in the  tests  are  shown  in  table I11 for  both  leading-  and  trailing-edge 
flaps.  Aside frombrief tests  with  the  leading-edge  flap  at a constant 
deflection  from q = 0.21 to 1.0, the porous area on the  leading-edge 
flap  was  always  sealed  between q = 0.21 and 0.40. 



6 

Wing  Modifications 

NACA RM A57I121 

During  the  investigation, a modified  leading  edge and a chord 
extension  were  installed on the  wing  leading  edge.  Details  of  these 
leading-edge  modifications  are shown in figure 4, and contour  ordinates 
are  listed Fn table IV. 

Modified le&ii-ing  edge.- The  modified  leading  edge  was  obtained by 
increasbg the  leading-edge  radius  from 0.36 (for  the  basic  wing)  to 
0 . 9  percent of the w i n g  chord (normal to  the  leading  edge)  with a slight 
amount  of  camber  near  the  leading  edge.  Several  spanwise  extents  of mod- 
ified  leading  edge  were  tested  which  extended  from  the w i n g  tip  inboard 
to  points  coinciding  with  leading-edge f lap breaks  at q = 0.4, 0.6, 
and 0.7. . - - . . . " 

Chord extension.-  The  plain chord extension  was  obtained by extend- 
ing the plain leading  edge  forward  (see  fig. 4(b)) from q = 0.7 to 1.0. 
The  resulting  chordwise  contour  had a discmti&ity  in s"pe where the 
chord  extension  met  the  wing  surface. A modified  leading  edge similar 
in  contour  to  that  described  above was Installed on the plain chord 
extension  for  some of the  tests. 

ICFSTING AND PROCEDURE 

Force and moment  data  were  obtained for the  model through an angle- 
of-attack  range  of -4' to 28O. The  model  configurations  for  which  force 
and moment  data  were  obtained  are  listed in table V. All tests  were 
made  at a Reynolds  number of 8 . M O 0 ,  based on the  mean  aerodynamic chord. 
This  Reynolds  number  corresponded  to a free-stream dynamic pressure  of 
15 pounds  per  square f o o t  and a Mach  number of 0. lo... . - .  .. ." ,. . 

..L 

Tests  at  Variable  Angles of Attack 

For the  model  with  the small-span trailing-edge flap deflected 60°, 
with  area  suction on both  leading-  and  trailfng-edge  flaps,  the  following 
leading-edge  configurations  were  investigated: (1) the  leading-edge  flap 
with  plain  leading  edge  deflected 50°, part span ( = 0.4 - 1.0) or full 
span (q = 0.21 - l . O f ,  (2) the  leading-edge  flap  deflected  varlous 
amounts  along  the  wing span, (3) the  leading  edge  modified for V ~ ~ O U S  
spanwise  extents combined with the more _effe_ctFve._Leaaiqg-ed@;e flap 
deflection  configuratiam,  and (4) the  chord  extension  mounted on the 
deflected  leading-edge flap both  with  asd  without  the  modified  leadlng 
edge-.  Other  tests  were made for  the  model  with  the  large-span  trailing- 
edge f l ap  deflected 60° both with and without.area:sucti-on,  and  for  the I " 

a 



NACA RM ~ 5 7 ~ 2 1  7 

1 model  with  the  amall-span  trailing-edge  flap  without  area  suction. The 
leading-edge  configurations  used  in  these  latter  tests  were  those  found 
most effective in controlling  flow  sepasation  with  the  small-span  area- 
suction  flap. - 

During  these  tests, CQ for  the  leading-edge  flap w a s  increased  with 
increasing  angle  of  attack so that  the vdues o f  CQ were  set  well 
above CQ for all portions  of  the  angle-of-attack  range.  It  was found 
that  as long as  CQ  was  greater  than CQ at each  angle of attack, the 
force a;nd moment  characteristics  for a given  model  configuration  were 
independent  of  suction f l o w  quantity and chordwise  extent  of porous 
opening. 

Throughout  the  test, CQ for  the  trailing-edge fUp was  held  at 
values  of  approximately 0.0006 and 0.0012 for the small- and  large-span 
flaps,  respectively.  These  values  were  well  above QC for  the 
respective  flaps. 

Tests  With  Variable  Suction Flow. at  Constant  Angle  of  Attack 

The  leading-edge  flap  suction flow quantity  was  varied at constant 
values  of  angle of attack  near  that  for c"rpnax for some of the  more 
effective  leading-edge  configurations  tested.  Several  chordwise  extents 
and  locations of the porous openings  were  investigated, two of which  are 
reported  herein. 

Corrections  to  Data 

c 
All data  corrections  were  identical  to  those  described in reference 1. 

RESULTS AND DISCUSSIOm 

Table V may  be  used  as an Index to figures 5 through 13, in  which 
force  and  moment  data  obtained  during  the  present  investigation  are  pre- 
sented. In several of the  figures,  results  are  ccmrpared  with  those 
obtained  with  two of the  most  effective  wing  configurations  previously 
tested  (ref. 1). 
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Force and Moment  Characteristics of the  Model 

Effect  of  area  suction on the  leading-edge  flap.- It was noted in 
reference 1 that  with no area  suction  more  than 4Qo nose  flap  deflection 
w a s  ineffective in controlligg leading-edge  flow  separation. The effect 
of  applying  area  suction  to  the  leading-edge  flap  deflected wo over  the 
best  spanwise  extent  found in reference 1 is shown in figure 5. The 
onset  of  flow  separation  on  the outer portion  of  the w i n g  is  indicated 
by  the  initial  and  abrupt  changes in model  stability as shown by the C, 
versus 0, curves  of  figure 5.  It  is  shown  that area suction  wa8  inetru- 
mental  in  delaying  this  flow  Beparation  approxfmately 5O in angle of 
attack or 0.2 In C!L. . . .  - . . .  - . . . . . . . .  " 

Comparison of the full-span and part-span  leading-edge  flap.- As 
shown by the  data of figure 6 with  area  suction on the  leading-edge  flap, 
a higher  value  of C h  could  be  obtained  with a part-span  leading-edge 
flap  than  with a full-span  flap.  However,  the  use of the  part-span 
leading-edge  flap  resulted in marked  longitudinal  instability  at  Large 
values of CL. As was  shown in the  investigation of reference 1, these 
differences  between  the-part-span a d  full-span flap were  also  obtained 
without  area  suction on the  leading-edge  flap. 

Spanwise  adjustment of leading-edge  stall  control.-  The  results 
just  discussed  indicated  that  while  area  suction  on a leading-edge  flap 
was an effective  means  of  leading-edge  stall  control,  the  spanwise dfs- 
tribution  of  stall  control w o u l d  have a strong effect on and 
longitudinal  stability.  Determination  of  the  stall  control  configurations 
giving  the  highest  values  of C h  while  retaining  longitudinal  stabil- 
ity was a trial and error process. The  leading-edge  configuration8  used .. 
consisted  of  the  following  either  alone o r  in combination:  spanwise 
changes in leading-edge  flap  deflection, a modified leading edge of sev- 
eral  spanwise  extents,  and a chord  extension  inst-tion..  Force.& . .  

moment  data  for  the &el  canfigurations  tested during this  phase of the 
investigation are presented in figures 7 through 10 for  the  model  with 
the  small-span  trailing-edge  flap  and i n  figures ll a;nd 12 for  the  large- 

t 
. . . .  - 

.... Span  flap. . .  . .  
. .  ........ " - . " . . ." "L 

Summary of results  with  the  small-span  trailing-edge  flap:  Values 
of C&= and  stability  criteria  are  listed in the  following  table  for 
the  more  significant  model  configurations  with  the small-sp-& trailing- 
edge  flap  deflected. . The  next  to  last column answers  the  question  whether 
or not  the  pitching-moment  variation  above  the  break in the  curve  was 
stable  and in the  last  column  are  values  of the lowest  at  which 
stability  changes OCCUT. 
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oo,500,500 
5oo,500,50° 
30°, 50°, 6oo 
oo,500,500 

30°, 5oo, wo 
30°,500,600 
30°,500,600 
30°,500,600 

30°, 40°, 50' 

I Leading-edge  configuration 

fla;p 

Figure. 
no. Leading-edge W i n g  

Stable &stab 
leadm-edge 

Plain 

NO 1.31 Plain 
No 1.23 Plain 
No 1.41 

kdified (q ZI 0.7-1.0) 1.46 No 
Mdified (q  = 0.7-1.0) 1-39 

Nearly  neutral 1.51 Modified (q = 0 . 7 - L O )  
NO 

Eearly  neutral 1.58 Modified (q = 0.6-1.0) 
NO 1.49 Wified (q = 0.7-1-0) 

Chord  extension 1.50 No 

1.10 
1.20 
I.. 30 
1.U 
1.36 
1.50 

1 1.51 
~ 1-38 

~ 1.47 

As had been  expected,  it  became  inmediately  evident fromthe tests 
that, in general,  extremely Urge spanwise  changes in leading-edge s t a l l  
control  requirements  existed for the  wing,  the  most  effective  control 
being  required on the  outer  portion  of  the sjing or near  the  tips. It 
was also  found,  however,  that, as more  effective stdl control  was  applied 
to  the  outer  portion of the w i n g ,  it  became  necessazy  to  augment  stall 
control on the  inner  portion  of  the  wing. 

Comparison  with  previous  tests: Ip the  present  tests,  the  most 
effective  configuration  found  from a stmdpoht of and model 
stability  consisted  of  the 30, 50, 60 leading-edge  flap  deflection  with 
the  modified  leading-edge instdled near  the w i n g  tip.  Results of tests 
with  this  flap  deflection  with and without  the  modified  leading  edge asd 
results  of  tests  with  the  most  effective  leading-edge  configuration found 
in the  investigation  of  reference 1 are presented  in  figure 13. Along 
with  the  improvement in & obtained  with  the  more  effective wing 
configurations in the  present  tests, a major improvement  was  obtained 

' in model  stability i n  the  angle-of-attack rmge close  to  that  of h. 
Values  of  obtained from both  investigations  are  presented 

in figure 14 f o r  various values of leading-edge  flap  deflection  with  and 
without  the  modified  leading  edge.  These  data  show  that  the  change 
in CL, due  to  the  modified leadhg edge was constant  throughout  the 
range  of  leading-edge  flap  deflections  considered. In addition,  results 
shown in the  figure  demonstrate  that  area  suction  was  needed  to  increase 
C L ~  for  flap  deflections  above S, = 15' and 30° f o r  the  modified  lead- 
ing edge and plain leading edge, respectively. The use  of area suction 
in  the  present  investigation  insured  further  improvement  with  increasing 
flap  deflection  up  to S, = 60°, the  Largest  leading-edge  flap  deflection 
investigated. 

ments  are  presented in figure 14 together  with  values  of ( 2 ~  at  the' 
occurrence  of  abrupt  stability  changes.  It  is  noted  that, in general, 

lValues of for tip  stall, RS, determined by pressure  measure- 



Chord extension compared with  the  modified leadFng edge: From the - 
data  of  figure 10(b), it is evident  that for equivalent epmwise locations 
(q 0.7 - 1.0) the chord extension  produced  the same vaLue of & 
as did  the  modified leading edge. However,  with  the  chord extension, 
destabilizing  pitching-moment  variations  were  experienced  at values of 

- 
. lower than with  the  modified  lead-  edge. 

Summary of  results  with  the large-man trailing-edge  flap: The tests 
with  the large-span trailing-edge flap deflected  were limited to those 
leading-edge  configurations  found  most  effective  with  the amaJJ"span 
trailing-edge  flap.  Force e;nd moment  data  obtained  with the large-spsn 
flap are  presented in figures ll and 12. 

V a l u e s  of & as  well as values  of fo r  initial  stability 
break  are  presented in the  following  table  for  the  cases of both  trailing- 
e&ge flap spans, with a d  without  suction on - the .. . . trailing-edge - .  . . flap. 

On 30°,w0,6(30 
on 
on 
on 
Off 

Off I J. 

w i n g  
leading  edge 

P h F n  
PLain 
Modified 

(q = 0.6-1.0) 
Modif  Fed 

(rl = 0.6-1.0) 
Modified 

(q = 0.6-1.0) 
Modified 

(q = 0.6-1.0) 

CLmaX - 
1.31 
1.34 
1.58 

1.64 

1.45 

1.4.6 

astab 

1.30 
1.30 
1.51 

1.34 

1.30 

1.25 

Comparison of  the  above  values  indicates  that in general only slight, 
if  any, improvement in % and astab were  obtained by increasing 
the  flap span. There  was a tendency  for  the  stability break at or near 

to be unstable,  with  either span of trailing-edge  flap,  particu- 
larly with  area  suction on. Comparisons of the  data of figures 9 and 12 
show  that  the  severity of this unstable  break was much  greater fo r  the 
model  Hith  the  large-span  trailing-edge  flap. 

cLmax 

It seems  evident  then  that  more  effective  leading-edge stall control 
devices  than  those  used in the  present  tests  must accwany the use of 8. 

larger  span  flap  before  the  lift  advantage of the flap in the  high  lift 
range (high angle  of  attack) would become  si&ificait. .' 
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Low-Speed L w e l  Fyght  Performance 

Changes in stall control made in  the  present  investigation may be 
evaluated in  part with  reference t o  figure 1-5; Ln that figure, varia- 
tions of thrust  required  for level f l igh t  wfth airspeed2  are  presented 
f o r  leading-'edge configurations which represent vasious degrees of 
leading-edge stall control  obtained during the   t es t s .  ApproxFmate values 
of minFmum flying speed (defined as the  velocity  corresponding t o  C h )  , 
Vminy 1.30 Vet asd the limiting speed for  near  constant  stability, 
Vstab, a re   l i s ted  in  the following table. 

SmU-span flap - suction on 
Leading-edge f lap 

Deflection 
leading 

Suction 

00,400,400 Off 

J-07 134 103 Modified L.E. On 30°, w0, 6 0 ~  
112 '135 - 104 Chofi extension On 30° ,500 ,ao 
115 148 114 PllXLIl On 30°, wo, 6 0 ~  
138 144 11l PlaFn 

w m 3  Vstab 1- 30 Vmin V- 

(q = 0.6-1.0) 

Large-spm flap - suction on 

30°,500,600 
108 133 102 Modified LE. On 30°,500,600 
118 150 115 Plain On 

(q = 0.6-1.0) 

Suction Requirements for  the Leading-Edge Flap 

Suction flow requirements.- As noted  earlier, for most of the tests, 
the  suction  quantity used at the leading edge was held w e l l  above tha t  
required  to maintain attached flow. For the best leading-edge arrange- 
ment found, t e s t s  were made at an angle of attack  -close t o  Lt0 

%e data  are  presented as values of T/S aSa V, where: 

L 



determine  the minimum value of C required to attach  the  flow.  At 
lower  angles, a lesser  value wo UJ-2 be required,  as  shown  in  references 2 
and 3 and as indicated by the  data  of  figure 16. One  adjustment  of p s i -  
tion  and  extent of porous area  was  made t o  determine  if  lower  values 
of  CQ  were  possible.  The  results  of  these  studies  are  shown in fig- . 

ure 17. The  lowest  value of CQ  for  flow  attachment  was  about 0.0010. 
That  some  reduction was possible  indicates  that  1ower.value.s  might be . 
achieved  xith  such  methods  as  changes in spanwise and chordwise  extent 
of porous surface  permeability. 

Duct and minimum external  pressure. - Spanwlse vwiation in duct and 
minimum external  pressure  are  presented in figure 18 for  the  porous  area 
configurations  considered  in  figuxe 17. An examfnation of figures 17 
and l.8 shows  that  the  duct  pressures may be  increased  to,  or  slightly 
above,the m i n i m u m  external  pressure  near the wing tip  before any appre- 
ciable  reduction in wing lift  occurred  for  the  model  with  the  larger 
porous opening (porouB. =a 1). With  the smaller porous  opening,  consid- 
erably  more  suction  pressure  was  required-to  maiqtaFn.attached air flow. " 

From the  present  investigation  concerning  the  use  of  area  suction 
on the  leading-edge  flap  as well as  from  tests on additional  wing  con- 
figurations embodying & modified  or  bulbous  leading  edge  and a chord 
extension,  the  following  results  were  found for two spes6 of trailfng- 
edge  flaps. 

The  use of are& suction on the  knee  of  the  leading-edge  flap  resulted 
in nearly  constant  stability  up  to  angles of attack  near  that  of 
There  was no marked increase in C b  with  the  use of the area-su%% 
leading-edge flap with.the  plain  leading  edge.  Increases in & of 
the  order  of 0.3 were  obtained when w i n g  modifications  such  as a bulbous 
leading  edge or a chord  extension,  installed  principally  near  the wing 
tip,  were  combined  with  the  area-suction  leading-edge flap. 

Ames  Aeronautical  Laboratory 
National  Advisory  Committee f o r  Aeronautics 

Moffett  Field,  Calif., Aug. 21, 1937 
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14 NACA RM A57H2l . 
TABIE I.- GEOMEERIC DATA 

wing 
Area. sq f t  . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . .  : . . .  
Root chord. ft . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . .  
Sweep angle. deg 

Leading edge . . . . . .  .- . . . . .  
Quarter-chord line . . . . . . . . .  
Trailing edge . . . . . . . . . . . . .  

Area. sq f ' t  . . . . . . . . . . . . . .  
Constant  streamwise chord. f t  . . . . .  

span. f t  . . . . . . . . . . . . . . .  

Small-spm flap (T.E.) 
. .  

Flap span. percent w i n g  semispan . . .  
Sweep angle of  hinge line. deg . . . .  

Large-span f lap  (T.E.) 
Area. sq f t  . . . . . . . . . . . . . .  
Sweep angle of hinge  line. deg 
Flap span. percent wing semispan . . .  

q = O . 2 1  . 0.46 . . . . . . . . . . .  
q = O . 4 6 . 0 . 6 6  . . . . . . . . . . .  

Length. ft . . . . . . . . . . . . . .  

. " 

Fuselage 

Maximum width. f t  . . . . . . . . . . .  
Fineness r a t i o  in w i n g  chord plane . . 

Horizontal t a i l  (drooped l5O) 
St/S . . . . . . . . . . . . . . . . .  
b& . . . . . . . . . . . . . . . . .  
L t / E  . . . . . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . .  
Taper rat io  . . . . . . . . . . . . . .  
Sweep angle of quarter-chord iine. deg 

. . . . . . . . . . .  33 4.8 . . . . . . . . . . .  3 0.62 . . . . . .  : . . . . .  12.77 . . . . . . . . . . .  ~3.69 . . . . . . . . . . .  2.8 .. . - .  . . . . . . . .  0.17 

... 51.70 
. . . . . . . . . . .  45.36 . . . . . . . . . . .  14.18 
. . . . . . . . . . .  20.44 

25.0 . . . . . . . . . . .  2.67 . . . . . . . . . . .  14.18 

. . . . . . . . . . . . . . .  

. . . . . . . . . . .  
. .  

. . . . . . . . . . .  35.73 . . . . . . . . . . .  45.0 

. . . . . . . .  i . . .  14.18 . . . . . . . . . . .  26.84 

. . . . . . . . . . . . .  62.50 . . . . . . . . . . .  4.50 . . . . . . . . . . .  13.9 

. . . . . . . . . . .  0.197 . . . . . . . . . . .  0.54 . . . . . . . . . . .  1.51 . . . . . . . . . . .  4.16 . : . i . . . . . . .  0.296 . . . . . . . . . . .  39.4 
. .  

r 

. 
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Station, 
percent  chord 

0 
1.25 
2-50 
5-00 
7.50 
10.00 
15 :oo 
20.00 
25.00 
30.00 
40 .oo 
50.m 
60.00 
67.00 
70.00 
80.00 
9 . 0 0  
100.00 

Ordinate, 
percent chord 

,.E. radius : 0.275-percent chord 
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TABLE n1.- PCROUS AREA CONFIGURATIONS USED IN THE WVESTIGATIONS 

(a) Leading-edge f lap 

Porow Station, q a, deg 
area . and 
no. 

20 20 20 20 20 a 1 

1.0 0.7 0.7 0.6 0.4 0.21 2, 

2 

1.6 3.1 1.2 1.5 2.2 2 

1.2 1.7 3.1 3.2 4.6 
2 24 24 25 25 25 a 

4 I 5 I I I ::I 224 I 30 Undeflected 

Undeflected 

1 I 3 1  3 1  3 



3A NACA RM ~ 5 7 ~ 2 1  - 
I Mdified leading edge on w i n g  i 
Station, 

surface  surface chord surface surf ace chord 
Lower Upper percent  Lower Upper percent 

Ordinate, percent chord Station, Ordinate, percent chord 
1 

0 

-1.66 1.57 4.50 -1.54 53 75 
-1.67 1.49 4.00 -1.42 35 -50 
-1.68 1.42 3-50 -1.22. 07 25 
-1.70 1.38 3-00 -1.01 -.a .10 
-1.n 1-21 2.50 - e 8 9  - 0 2 9  9 05 
-1. p. 1.06 2.00 -0.60 -0.60 

1.25 .80 -1.65 5.00 1.64 -1.64 
Modified  leading  edge on plain chord extension 

' -5.40 
-5.30 
-5.20 
-5.00 

: -4.60 
-4.20 

-0.60 
"1-7 
-.02 
.21 
49 
67 

-" "- -3.60 
-0 99 -3.20 

-3.00 -1. If5 
0.97 

" - -.92 -1.64 
1.23 -1.00 -1.55 
1.15 -2.00 -1.35 
1.02 

Station, 
percent chard 

-4.83 
-4.75 
-4.60 
-4.40 
-4.20 
-3.90 
-3.00 
-2.00 
-1.00 
1.00 
3.99 

Ordinate, 
percent chord 

0 
23 - 39 
53 

.64 
-78 

1.03 
1.15 
1.23 
1.35 
1-50 

section 

-1.65 
-1.62 
-1.61 
-1.46 

-1.24 
" - 
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TABIX V.- INDEX TO FIGURES WITH FORCE AM) MSXERL' DATA 

on 

I Hone Off I On 

I I o n  q = 0.7 - 1.0 Off 

t I 

I Off 

7 = 0.4 - 1.0 

- 
None 

q = 0.7 -.  1.0 
0.6 - 1.0 
0.4 - 1.0 
None 

4 0.7 - 1.0 
0.6 - 1.0 

I 0.4 - 1.0 



" i . .  
A-2073% 1 

Figure 1.- Photograph of the model mounted in the Ames 40- by 80-foot 
wind 
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3.18 

All dimensions i n  feet 
unless otherwise noted 

I Horizontal t a  
reference line 

a 

. ." 

- 

Figure 2.- Dimensional details of the model. 
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oard T.E. flap 
Porous surface 

for L.E. flap 

LE. flap duct Inboard T.E. flap 
.E. flap duct 

(a) Details of  duct and pumping system. 

Figure 3.- Details of porous area, duct, and pumping system. 
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a, 

L. E. 

(b) Leading-edge f lap.  .Section.shown  perpendicular  to the hinge line. 

Reference line, normal Porous surfaci ( constant 
porosity)metal mesh 
backed with wool f e l t .  
See reference 1 f o r  

.003-inch-thick preesure 

T.E. flap hinge 
sensitive tape 

(e) Trailing-edge flap. Section  shown  perpendicular to the hinge line. 

Figure 3.- Continued. 

.. 
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0 2 4 16 18 

(a) Permeability of 1/16-inch felt plus metal mesh sheet used as porous 
surface for the leading-edge f lap.  

Figure 3.  - Concluded, 
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Ming LE. (ref) 

Modified L.E.,L,E.R. -9 
Center, LE. arc 

w e  p o b t  1 
of LE. flap 

(a) Modified leading edge. 

(b) Chord extension. 

Figure 4.- Leading_e*e rngdifFc+ion use& . i n  the. investigation. All see- 
tions perpendicular t o  the wing l < a d i G &  .edge.'.-:All diiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii6ions &e in' 

percent chord. 

.. . - 

- 
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1.8 

1.6 

1.4 

1.2 

1.0 

.ti 

.6 

.4 

CL 

.2 

Figure 5. -  Aemdyaamic characteristics of the  model with a m - s p a n  leadlng-edge f h p  
(7 = 0.4 - 1.0) for the m a e l  w l t h  the muall-span trailing-edge flap; area suctlon on the 
trdlhg-edge flap; data for S, = 40' were taken from hvestigation of reference 1. 



. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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.2 Q Full span(q4.21-1.0) ' 

6 . .  PK L.E. Flap 

O P a r t  span(q=O."o) : 

O O  .1 .2 .3 .a 
cn 

-5 
-4 O 4 8 1 2 x 6  20 24 

a 

e 0 4  0 -.Ob -.08 -.X! -.16 -.2O -.21j 
cm 

1 I 
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1.6 
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CL 

.4 
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Figure 7.- Aemayr~amic characteristics of the model with varisus amaunts of leading-edge s t a l l  
protection on the ‘inboard portion of the whg (q = 0.21 - 0.4); small-span trailing-edge f l a p  
,with suction; leading-@e f lap suction (q a 0.4 - LO), S, = yo (q = 0.4 - 1.0); mdified 
leading edge (q = 0.7 - 1.0). 
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Figure 8.- Aerodynamic  characteristics of the mdel with several outbaard leading-edge  flap c m -  
fiwations; s m a ~  trailing-edge  flap with area suction;  leading-edge f h p  area  suction 
( 7  = 0.4 - 1.0); s, a 303 T3r q = 0.21 - 0.4; wdified leading edge ( q  = 0.7 - 1.0). 
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. . .  .. . .. . . . . . . . . . . . . . 

1 

(a) Suction off (trailing-eage flap) . 
Figure 9.- Aerodynamic characteristics of the model with the amall-span trailing-eQe f lap for 
several spanwise extents of t h e  modified leading edge; l ead ing -ee  flap at 30°, To", 60°, 
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(b) Suction on (trailing-edge f lap) .  

Figure 9.- Concluded. 
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(a) Plain leading edge. 

Figure 10.- The effect of the chord extension on the aerodynamic  characteristic6 of the model; 
auction on the smalJ.-s-pm trailing-edge flap; leading-edge flap deflected 30°, Too, 60'. 
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0 .1 .2 .3 .4 .5 .Oh 0 -.Oh -.08 -.I2 -,16 -.20 -.2( 
cD -4 o 4 8 1 2 1 6  20 24 

a 
cm 

(a) suction off  (trailing-edge rap). 

Figure U.- Aeroaynamic  characteristics of the model with various amounts of leading-edge flap 
deflection on the inboard portion of the w i n g  (q = 0.21 - 0.4) ; large-span t F l i n g - e d g e  f lap 
deflected.;  leading-edge flap, q = 0.4 - 0.7, 8, = 50'; q = 0.7 - 1.0, S, = 60 ; area suction, 
q I 0.4 - 1.0; modified leading edge, q a 0.4 - 1.0. 
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(b) Suction on (traiUng-edge f lap) ,  

Figure U.- Concluded. 



ProdiPled L.B. 
d e d ,  11 
Plaln L.E. 
.? - 1.0 
.6 - 1.0 
.4 - 1.0 

Figure 12.- Aeroaynamic characteristics of the mael with the large-span trailing-edge flap for 
severa l  spanwise extents of the modified leading -e; leading--e flap at 30°, yo, 60'. 
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(a) ~ ~ a a  leading edge. 

Figure 13.- Aerodynamic  characteristics of the made1 abtained with the m s t  effective leading- 
edge configurations wed in both the present  tests and those  reported in reference 1; small -  
span t ra iu -edge  f l a p  suction on; l e u g - e d g e  flap (ref. 1) o’, 40’, bo, no euction, 
and 30°, Po, 60’ with  suction  for  present  tests. 
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(a) " I f l e d  led- edge ( 7  LI 0.6 - 1.0). 
Figure 13.- Concluded. 
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Modlfied L.E. 
O f f  On 

2.0 0 9 Tests of reference 1, suction of f  

Figure 14.- The variation of..me-,wing lift coefficient for  tip stall with 
leading-edge f l ap  deflection  near  the ying .tip. f o r  the model with the 
small-span flap deflected. . -  , , .  . . . 
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25 

24 
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41 

Figure 15.- The variation of requlred thrust per unit wing area with air- 
speed for  level  flight; small-span f lap with suctian; W/S = 60. 
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u-0 120 1s 140 160 170 
v, hots 

(b) Large-span flap; leading-edge flap; 30°, yo, 60' with area suction. 

Figure 15.- Concluded. 
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Figure 17.- The variation of lift coefficient uith f l m  coefficient for two porous area config- 
urations:  leading-edge flap deflected 30°, yo, 60'; modified leading edge, = 0.6 - 1.0; 
~mau-~pan flap; u E 23O. 
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n a g g e d  m o l s  indicate 
chzct presmes 

\ 

45 

0 
- 

.6 .8 1.0 
rl 

(a) Porous area 1. 

Figure 18.- The effect of flow coefficient and duct pressure on the span- 
wise variation  of minimum pressure at the leading-edge flap Imee; 
leading-edge flap deflected 30°, 50°, 60°; modified leading edge, 
q =.0.6 - 1.0; srnall-span flap; ot = 23O. 
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Flagged symbols Fndicate 
duct pressures 

0 .2 .4 .6 .8 1.0 
r) 

(b) Porous area 2. 

Figure 18. - Concluded. 


